Objective: The aim of the present study was to pilot-test a school-based intervention designed to increase consumption of whole grains by 4th and 5th grade children. Design: This multi-component school-based pilot intervention utilised a quasiexperimental study design (intervention and comparison schools) that consisted of a five-lesson classroom curriculum based on Social Cognitive Theory, school cafeteria menu modifications to increase the availability of whole-grain foods and family-oriented activities. Meal observations of children estimated intake of whole grains at lunch. Children and parents completed questionnaires to assess changes in knowledge, availability, self-efficacy, usual food choice and role modelling. Setting/sample: Parent/child pairs from two schools in the Minneapolis metropolitan area; 67 in the intervention and 83 in the comparison school. Results: Whole-grain consumption at the lunch meal increased by 1 serving (P , 0?0001) and refined-grain consumption decreased by 1 serving for children in the intervention school compared with the comparison school post-intervention (P , 0?001). Whole-grain foods were more available in the lunches served to children in the intervention school compared with the comparison school postintervention (P , 0?0001). The ability to identify whole-grain foods by children in both schools increased, with a trend towards a greater increase in the intervention school (P 5 0?06). Parenting scores for scales for role modelling (P , 0?001) and enabling behaviours (P , 0?05) were significantly greater for parents in the intervention school compared with the comparison school post-intervention. Conclusions: The multi-component school-based programme implemented in the current study successfully increased the intake of whole-grain foods by children.
Substantial scientific evidence suggests an inverse association between the intake of whole grains and the risk of coronary heart disease, type 2 diabetes, obesity and certain cancers (1, 2) . Consumption of three servings of whole grains per day has been collectively recommended by numerous government and non-governmental agencies (3) (4) (5) (6) . Despite these recommendations, recent data from the National Health and Nutrition Examination Survey (1999) (2000) (2001) (2002) showed that children and adolescents 6-19 years of age consumed only 0.8-1.0 mean servings of whole-grain products per day (7) . Overseen by the US Department of Agriculture, the National School Lunch Program provides school lunch to approximately 30 million children on a daily basis (8) . Schools are an appropriate setting for delivering programmes to change eating behaviours because young people between the ages of 5 and 17 years can be exposed to new foods on repeated occasions through school meals.
Social Cognitive Theory (SCT) provides a theoretical foundation for identifying modifiable behaviours and for structuring behaviour-change interventions. This theory explains human behaviour in terms of a triadic, dynamic and reciprocal relationship in which personal factors, behaviour and environmental influences interact (9) . SCT has provided the theoretical framework for several multi-component school-based interventions involving children and parents that resulted in positive dietary behaviour change (9, 10) . Theory constructs addressed in previous interventions included individual factors such as self-regulation (goal-setting and problem-solving skills), self-efficacy (confidence to carry out behaviours successfully) and outcome expectancies (preferences), behavioural factors such as behavioural capability (food and nutrition knowledge and behavioural skills) and usual food choice (choice between pairs of foods), and environmental factors including the availability/accessibility of foods (10) . The purpose of the present study was to describe the development, pilot-testing and efficacy of a multi-component, pilot school-based intervention aimed to increase the consumption of whole grains by 4th and 5th grade children. To our knowledge, this is the first pilot schoolbased intervention that has focused on whole grains and children. It was hypothesised that, compared with children in the comparison school post-intervention, children in the intervention school would: (1) increase their consumption of whole grains by 0?5 serving per day; and (2) have increased availability of whole-grain foods in the school cafeteria and home.
Methods

Subjects
Two suburban elementary schools from the Minneapolis metropolitan area were recruited to participate in this pilot efficacy trial, which was implemented from January to May 2005. Schools with similar demographic characteristics, size and number of 4th and 5th grade students were assigned to the intervention and comparison conditions on a non-randomised basis. School district personnel provided recommendations for selection of the two schools based on a similar cooperative nature on the part of school food service and administrative staff in both schools. Parent/child pairs were recruited via a two-wave mailing letter sent home from school along with a letter from the principal encouraging participation. All 4th and 5th grade students were eligible to participate except for 5th grade band students due to scheduling conflicts (Fig. 1) .
The study was approved by the University of Minnesota Institutional Review Board Human Subjects Protection Committee and the Hopkins School District Research Committee. Parent and child participants signed consent and assent forms, respectively, and were given $10-50 for their participation.
Intervention components and measures
Overview
The 'Power of 3: Get Healthy with Whole Grain Foods' pilot intervention programme contained three main components addressing environmental, personal and behavioural factors derived from SCT: a five-lesson classroom curriculum, school cafeteria menu changes, and family involvement. A quasi-experimental study design was utilised to determine the efficacy of the pilot programme to increase the consumption of whole grains by children and modify the availability of whole-grain foods in the home and school environments. Process evaluation measures assessed the fidelity of the programme implementation and the level of participation by children and parents.
Classroom curriculum component
The 'Power of 3: Get Healthy with Whole Grain Foods', a five-lesson classroom curriculum based on SCT, was developed and taught to children enrolled in the study on a weekly basis in the intervention school cafeteria by trained research assistants. A teacher and/or the principal attended each of the classroom lessons to provide disciplinary assistance as needed. These lessons were supplementary to the standard school curriculum.
Learning objectives and developmentally appropriate activities were based on formative data from focus group discussions (11) . Lessons were initially pilot-tested with 5th grade children in another school within this school district. The overall aim of this educational programme was to improve instrumental knowledge to identify whole-grain foods, enhance self-efficacy through practical experiences that emphasised selecting, tasting and preparing whole-grain foods, build menu-planning skills, practice goal-setting, and to encourage advocacy for peers and family members to increase their intake of whole-grain foods (Table 1) . Each 45-minute lesson included sampling of whole-grain products and incorporation of a variety of hands-on learning experiences such as grain identification, hand milling grains into flour, reading labels, preparation of snacks, menu planning, and participation in a debate. Each child received a curriculum workbook and a set of flash cards (i.e. 'Quiz Bowl Cards') that contained questions regarding the key concepts discussed in class.
School cafeteria menu changes
The school cafeteria component focused on menu planning, product procurement, training, and quality control measures. Working with the school district nutritionist and food service director, intervention staff recommended school cafeteria menu modifications to increase the availability of whole-grain foods served to children in the intervention school. The overall goal was to offer the equivalent of one whole-grain serving to children on a daily basis at lunch by replacing refined-grain products with whole or partial whole-grain counterparts. Targeted food products included pizza, pasta, tortillas, buns and rolls made with white and red whole wheat flour or barley flour. Wholegrain products were provided by a food manufacturer or a local vendor for school lunch meals and take-home snacks. Grant funding offset additional costs associated with the proposed menu changes. New products were sampled and evaluated by intervention and food service staff prior to incorporation into the school meals.
School food service staff (cook manager and all serving staff) attended a one-hour training session regarding the programme objectives. Site visits were made by the research staff two or three times per week throughout the intervention to monitor implementation of the proposed menu changes. A quality control log was completed during each visit and feedback was provided to the food service supervisor. Randomly selected one-week menus were analysed for whole-grain content before and after the intervention. School meals at both the intervention and comparison schools provided 0?09 (standard deviation 0?17) mean servings of whole grains per day at baseline. No differences in the availability of whole-grain foods included in school meals were noted at baseline between the intervention and comparison schools.
Family component
The family component included weekly parent newsletters, bakery and grocery store tours, and a 'Whole Grain Day' event at a local milling museum. The overall aim of the family component was to increase the availability of whole-grain foods in the home environment, to encourage parental role modelling for consuming wholegrain foods, and to promote a dialogue between parents and children regarding the inclusion of whole-grain foods within the context of a healthy diet.
Local bakery tours led by a character depicting a kernel of wheat provided children and their families with an up-close view of grain milling and bread preparation (12) . The grocery tour programme included a brief classroom lesson combined with a guided tour. Parent/child pairs received a 'Hunt for Whole Grains' treasure map which they utilised to learn strategies for identifying whole-grain foods (13) . At the conclusion of the intervention programme, children and their families were invited to attend a 'Whole Grain Day' at a local milling museum. Children participated in a Quiz Bowl event to demonstrate their acquired knowledge and skills regarding whole-grain foods.
Measurement
Measures with children Dietary intake of children. Pre/post lunch meal observations of children were conducted at both the intervention and comparison school to estimate wholegrain intake at lunch. Each child was observed once at baseline and again post-intervention. Intervention staff completed ten hours of combined didactic and practicum training that focused on visual portion size estimation and data entry. To determine the amount of food consumed by each child, meal observers recorded the amount of each food served at the beginning of lunch and subtracted the measured amounts remaining on the tray at the end of lunch. Challenges inherent to direct meal observation include ensuring adequate agreement among multiple observers, recording the intake of children who consume packed 
Usual food choice
Served a variety of whole-grain foods in the school cafeteria for lunch > Used the Food Guide Pyramid to locate grain group and grain foods > Tasted and rated whole-and refined-grain food samples for taste, texture, appearance and acceptance > Used food labels to identify foods as whole-or refined-grain > Used common household items to understand portion sizes > Parent newsletter activity that used the school menu to identify whole-grain foods > Identified whole-grain products during grocery store tour using treasure map Usual food choice scale (which would you pick? child presented with whole-or refined-grain foods)
Individual or Personal Domain Self-efficacy Provided practical experiences that emphasised selecting, tasting and preparing wholegrain foods as well as menu planning and shopping skills > Problem-solving activity to overcome barriers to selecting and eating whole-grain foods > Menu planning and shopping list exercises > Parent newsletter with whole-grain recipes to prepare and serve at home Self-efficacy to choose whole-grain foods scale (rated confidence to eat whole-grain foods in a variety of situations) Self-regulation/ self-control Provided opportunities to practice goal-setting and monitoring > Food preparation activities > Review recommended number of daily wholegrain servings > Estimate actual intake of whole-grain foods > Set goals to meet recommendations for daily whole-grain servings Reinforcements Provided opportunity to record progress and reward successful goal attainment > Monitored progress of goal achievement using tracking forms. Verbal feedback
Outcome expectations
Provided information about health benefits of eating whole-grain foods > Debate between two whole-grain characters regarding health benefits > Parent newsletter with tips for family conversations about reasons for selecting whole-grain foods Environmental Domain Availability Provided activities to encourage advocacy for family members and school food service to increase availability of wholegrain foods in meals and snacks > Parent newsletter activity to complete a home inventory of whole-grain foods with child > Letter-writing activity to advocate for more wholegrain foods in school and at home Availability of whole-grain foods in the home scale
Observational learning
Served a variety of whole-grain foods in the school cafeteria for lunch. Ate lunch meal with school peers > Bakery and grocery store tours with whole-grain product samples > Whole-grain cooking demonstration for families > Observed steps involved in making whole-grain bread products during bakery tour lunches prepared at home, and limits regarding the number of children who can be observed simultaneously (14) (15) (16) . To ensure a high level of consistency between the different observers (n 5 5), interobserver reliability assessments were completed at baseline and throughout the intervention. Previous studies have defined an adequate level of agreement as $85 % (15, 17) . Overall mean agreement across the five observers based on six assessments was 91 %.
Meal observation and menu data were analysed using the Nutrition Data System for Research software, version 2005 (University of Minnesota, St. Paul, MN, USA), by a Nutrition Coordinating Center-certified interviewer. Servings of whole grains were calculated using the food group serving count system (based on the 2005 Dietary Guidelines for Americans (18) ), which categorises grain and grain-based products into three subgroups: whole grain (WG), some whole grain (SWG) and refined grain (RG). WG was defined as a product in which the first ingredient on the label is a whole grain; SWG included products containing a whole-grain or partial whole grainingredient anywhere else on the label; and RG included products with no whole-grain ingredients on the label. No differences in whole-grain consumption by children for the three grain categories or for associated nutrient intake were noted between the intervention and comparison schools at baseline.
Measurement variables related to SCT for children. A questionnaire designed to assess psychosocial variables for children -specifically knowledge, usual food choice, availability and self-efficacy -was developed and tested prior to use in this intervention. Development of the questionnaire items was based on existing instruments tested and validated regarding intake of other foods (19) (20) (21) (22) . Internal consistency for the child scales ranged from 0?48 to 0?74. The group-administered questionnaire contained multiple choice, yes/no and 3-to 5-point scale items.
Ability to identify a whole-grain food when given two options (i.e. whole-vs. refined-grain products) reflected knowledge and was measured using a 7-item scale in which summed scores ranged from 0 to 6 with 1 point assigned to each correct answer (i.e. brown rice vs. white rice). Usual food choice was measured using a 7-item scale in which summed scores ranged from 27 to 17 with 1 point assigned to each whole-grain choice (i.e. 'Which rice would you choose to eat?: Brown rice or white rice'). Availability of whole-grain foods in the home was measured using a 9-item scale in which summed scores ranged from 9 to 27 (i.e. 'In my home there is whole-grain bread for me to have a sandwich: almost never5 1, sometimes 5 2, or almost always 5 3'). Self-efficacy was measured using a 7-item scale in which summed scores ranged from 7 to 21 (i.e. 'I can pick whole-grain foods even when my friends don't choose them: I'm not sure I can 5 1, I'm a little bit sure I can 5 2, or I know I can 5 3').
Measures with parents Measurement variables related to SCT for parents. A questionnaire designed to assess psychosocial variables for parents -specifically frequency of whole-grain intake, availability of whole-grain foods in the home and role modelling -was also developed and tested prior to use in this pilot intervention. Development of the questionnaire items was based on existing instruments tested and validated regarding intake of other foods (19, 23) . The self-administered questionnaire containing multiple choice, yes/no and 3-to 5-point scale items was completed at home by parents and returned to school. A 12-item food frequency section modified from the Block Food Frequency Questionnaire (24) measured the frequency of consuming selected whole-and refined-grain foods over the past month. Frequency intervals ranged from never to two or more times per week. Availability of whole-grain foods in the home over the past week was measured using a 12-item scale (including nine whole-grain and three refined-grain foods) and response options of yes or no.
Additional items regarding parental modelling, enabling behaviours and expectations (n 5 17) were subjected to principal components analysis (25) . An a priori determination using theoretical constructs from SCT yielded three distinct subscales for parents: a role modelling scale (five items) (i.e. 'How often do you set an example for your child by doing the following: eat whole-grain cereal for breakfast; scaled from 1 to 5 where never 5 1, rarely 5 2, some of the time 5 3, most of the time 5 4, or always 5 5'), an enabling behaviour scale (four items) (i.e. 'How often do you buy whole-grain foods when shopping for groceries: scaled from 1 to 5 where never 5 1, rarely 5 2, some of the time 5 3, most of the time 5 4, or always 5 5'), and a wholegrain health benefits scale (three items) (i.e. 'Getting enough whole grains can help me have a healthy weight: scaled from 1 to 5 where strongly disagree 5 1, disagree 5 2, don't know 5 3, agree 5 4, or strongly agree 5 5'). Internal consistency for the three parent scales ranged from 0?63 to 0?81.
Statistical analyses
Data were analysed using the Statistical Analysis System statistical software package version 9.1.3 (SAS Institute, Cary, NC, USA). All P values were two-sided and the significance level was set at P , 0?05. Descriptive statistics were used to describe demographic characteristics, intake of whole-grain foods, process evaluation measures and psychosocial variables related to SCT. Whole-grain intake of children, a continuous independent variable, was adjusted for positive skewness with log transformation. Paired t tests were used to determine differences between the pre-and post-test measures for children and parents in both the intervention and comparison schools. Analysis of variance was used to detect significant changes in difference values between the intervention and comparison schools. Cronbach alpha coefficients were calculated to assess the internal consistency for each scale. With only one school per condition it is impossible to deconfound the experimental effect from any school-by-time component of variance arising from homogeneity of change with schools (26) . In the discussion of study limitations below we use an external estimate of the intraclass correlation (ICC) for change to indicate that the major conclusions are robust to this limitation. For this feasibility study, for simplicity, we present standard errors without inflation.
Results
Demographic characteristics of participants A total of 67 parent/child pairs in the intervention school and 83 parent/child pairs in the comparison school participated in this pilot study. Mean age of the children was 10 years with approximately 45 % male and 55 % female. About half were in the 4th grade and half in the 5th grade. Frequency of consuming school lunch three or more times per week was similar for children in both schools at baseline. Nearly all children lived in households with two adults. Mean age of the parents was 40 years, the majority were female, welleducated, and approximately half were employed full-time. There were no significant differences in demographic characteristics for participants in the intervention and comparison schools at baseline except for race. Our intervention sample was 48 % white versus 72 % white for the total group of eligible 4th and 5th grade students. Demographic characteristics of the participants are presented in Tables 2 and 3 .
Intervention effects for children
Intake of whole-grain foods and food service outcomes There was significantly greater availability of whole-grain foods in the lunches of children in the intervention school compared with the comparison school post-intervention (P , 0?0001) ( Table 4 ). Availability was assessed by the intervention staff using selected meal observation days and included both food items purchased from school meals and packed lunches prepared at home. In the intervention school, an average of 0?09 mean WG servings were offered to children per day pre-intervention (i.e. foods with a whole grain as the first ingredient; based on eight menu days over a three-week period). However, during the post-intervention period, an average of 1?7 mean WG servings were offered to children per day (based on seven menu days over a three-week period).
A positive change suggested by the intake data from this pilot study was that consumption of whole grains at the lunch meal increased by approximately 1 serving SD, standard deviation.
-P value based on t test statistic. --P value based on x 2 statistic. yPercentages may not add up to 100 due to rounding. JPercentages .100 reflect that children could mark more than one race/ethnicity category.
(P , 0?0001) and consumption of refined grains decreased by approximately 1 serving (P , 0?001) for children in the intervention school compared with the comparison school post-intervention. Table 4 summarises the changes in grain, energy and nutrient intakes by category for children. Changes in intakes of dietary fibre (P 5 0?001), riboflavin (P 5 0?03) and iron (P 5 0?04) were higher for children in the intervention school compared with the comparison school post-intervention. No significant differences were observed between schools for energy, thiamin, niacin and folate intake. The differences between schools for refined-grain intake, fibre, riboflavin and iron may be partly attributable to small decreases in intake by children in the comparison school. Modifying a variety of grain selections in the school cafeteria on a daily basis (i.e. whole-grain bread in place of white bread, whole-grain pasta in place of refined pasta, and utilising whole wheat flour in mixes instead of enriched white flour) accounted for the observed differences in availability and intake of whole-grain foods by children.
Measurement variables for children
Changes in psychosocial variables for children are presented in Table 5 . Children in both the intervention and comparison schools demonstrated an increased ability to identify a whole-grain food, which reflected knowledge; however, a greater upward trend was noted for children in the intervention school (P 5 0?06). No significant differences were observed for usual food choice, availability of whole-grain foods in the home or self-efficacy for children.
Intervention effects for parents
Measurement variables for parents Changes in psychosocial variables for parents are presented in Table 5 . Self-reported intake of refinedgrain foods decreased significantly for parents in the intervention school compared with the comparison school post-intervention (P , 0?01). Pre/post changes in role modelling (P , 0?001) and enabling behaviours (P , 0?05) were significantly greater for the intervention school than for the comparison school. No differences in perceptions of whole-grain health benefits or reported availability of whole-grain foods in the home were noted for parents.
Programme implementation
Feedback from parents regarding the newsletters and overall satisfaction with the programme was positive. The majority of parents (78 %) reported receiving most/all of the newsletters and greater than half (69 %) read most/all of them. Less than half (40 %) completed most/all of the 
SD, standard deviation. *Significant pre/post difference within schools: P , 0?05.
-Difference 5 Post -Pre. parent/child activities. Overall participation in family activities was as follows: Quiz Bowl event at museum, 25 %; bakery tour, 38 %; grocery store tour, 16 %. The cafeteria log indicated that throughout the intervention whole-grain foods were served in the school cafeteria as planned 92 % of the time. Most children participated in four (19 %) or five (78 %) classroom lessons. Completion of the in-class curriculum workbook activities was achieved by nearly all of the children (94 %).
Discussion
Outcomes from this feasibility study involving a multicomponent school-based intervention are suggestive of positive changes in the availability of whole-grain foods in the school environment and the consumption of whole-grain foods by children. Given that the typical intake of whole-grain foods by children has been only 0?8-1?0 mean servings per day (7) , these positive findings have the potential to impact the long-term dietary habits of children. To our knowledge, this is the first reported multi-component school-based intervention designed to test the feasibility of increasing the intake of whole-grain foods by children. At the time the pilot study was conducted, the availability of whole-grain foods for school food service settings and awareness of these foods by food service staff were limited. Therefore this study represents important initial work in this setting to improve access to whole-grain foods by children.
Knowledge of whole-grain foods increased by children in both the intervention and comparison schools, although the intervention failed to produce significant changes in usual food choice, availability and self-efficacy related to children. Knowledge gains were reported in 71 % of nutrition education studies reviewed by Lytle (27) . Results from the present study with regard to knowledge were consistent with these previous findings. Appropriate assessment items are needed that effectively measure the self-efficacy of children to select whole-grain foods in challenging situations both within and outside the home environment. However, establishing a firm knowledge base regarding whole-grain foods (i.e. identification and health benefits) is an essential first step before selfefficacy to select whole-grain foods in a variety of situations can be conceptualised. Furthermore, recent findings by Zabinski et al. (28) suggested that the concept of selfefficacy may be closely associated with developmental stage. Self-efficacy was a significant predictor of fruit and vegetable intake for older adolescents (13-15-year-olds) but not for younger adolescents (11-12-year-olds). Our observed lack of change in the self-efficacy of 4th and 5th grade children may be attributed to this assumption.
Food preference development in children occurs through repeated tasting experiences with foods. Preference has been shown to be a major predictor of fruit and vegetable intake in previous studies with school-aged children (29) (30) (31) . Our pilot study supports the concept that whole-grain foods need to be available in schools to allow for frequent taste exposures for children. A potential barrier to enhanced preference of whole-grain foods by children may lie in the texture and appearance of whole-grain products as children tend to prefer foods with simple, smooth textures (32) . Utilising white whole wheat as an alternative to red wheat and changes in the milling and processing of whole grains may result in the development of new products that children find acceptable (33) . This pilot study also suggested that parents in the intervention school had significantly higher role modelling and enabling behaviour scores post-intervention compared with parents in the comparison school. However, the intervention failed to produce significant changes related to the frequency of whole-grain intake, availability of wholegrain foods in the home and perceptions of health benefits for parents. This finding is not surprising given that the mean scores for the whole-grain health benefits and home availability scales were quite high at baseline, leaving limited room for improvement. A possible explanation for the minimal change in home availability of whole-grain foods could be the confusion and difficulties associated with identifying whole-grain foods at the point of purchase for consumers. Barriers related to identification lead to decreased selection and subsequently limited availability of whole-grain foods in the home. An important prerequisite is educating parents about the importance of repeated taste experiences with new whole-grain foods for their children combined with creative ways to incorporate these foods into family meals.
Despite offering creative family-oriented activities, overall parent involvement with the programme was low; a finding that is consistent with previous nutrition interventions (34, 35) . In contrast to these findings, Perry et al. (36) reported that parental involvement in an intervention programme is feasible and a critical component that enhances positive behavioural changes for school-aged children. The Hearty Heart and Friends Program utilised an approach that was 'do-at-home, game-oriented, and easy'. Identification of parent-friendly strategies that promote active sustained participation is critical to the overall effectiveness and sustainability of an intervention programme. In terms of our findings, extending the length of our intervention programme (i.e. providing an increased dose) may have increased the availability of whole-grain foods in the home environment and intake by parents.
This pilot project had several strengths and limitations that need to be addressed when interpreting the findings. Strengths of this project included development of a multicomponent, school-based intervention based on the model of previously successful interventions to increase fruit and vegetable intake of children. Second, mediating variables were included within the intervention model which previously had been shown to be amenable to behavioural change in children based on a review of the literature. Finally, a comprehensive nutrient software program with whole-grain food grouping capabilities was used to estimate whole-grain intake of children using data obtained from meal observations. This pilot study was designed to provide limited information from two schools about the feasibility of an intervention in preparation for a larger controlled, randomised school-based study. A major limitation is that the data are insufficient to deconfound the experimental effect from any school-by-time component of variance. Preliminary external data of whole-grain intake in children in grades 4-6 in four schools yielded an estimate of the ICC school 3 time (ICC s 3 t ) for change as 0 (PJ Hannan, personal communication). If we use this external estimate of ICC s 3 t the standard errors and P values would be as shown. However this estimate is itself imprecise; the ICC s 3 t is less than 0?02 with about 50 % probability. If ICC s 3 t 5 0?02 the standard errors should be inflated by DEFt ¼ p ð1 þ 64 Â 0Á02Þ 5 1?5 (37) . The conclusions regarding the two major outcomes related to whole-and refined-grain intake (Table 4 ) would remain. Use of a convenience sample limited the generalisability to other population groups. Other potential limitations included race/ethnicity differences between schools and the short duration of the intervention programme. Although racial/ ethnic differences were observed between participants in the two schools due to challenges in recruitment for the intervention school, this finding did not appear to adversely affect the observed outcomes. Overall, positive behavioural changes (i.e. increased intakes of whole grains, increased knowledge of whole-grain foods) were observed for children in the more ethnically diverse school. Selection bias in this pilot study is a concern due to the constraints associated with recruitment of 5th grade students in the intervention school and the large respondent burden for parents and children. Interventionists may encounter barriers unique to the school environment that may affect recruitment and selection of participants. This study was conducted with external personnel teaching the lessons, working with food service professionals to modify menus, and conducting the family events. Therefore a limitation of the study is the lack of information on the feasibility of classroom teachers implementing the programme. External support may be needed for future implementation which includes activities conducted outside the classroom. Furthermore, the low alpha coefficients for whole-grain knowledge and availability measures are a limitation and indicate that further psychometric development of these measures is required. In addition, although meal observations are a reliable method for collecting dietary intake data of children, potential observer errors including the fact that the observers were unblinded to the intervention group could have resulted in under-or over-reporting of whole-grain intake of children.
Application
Findings from this pilot study demonstrated that wholegrain foods can be successfully incorporated into the school environment and that greater availability can result in increased whole-grain consumption by children to levels closer to current recommendations. Changes brought about by this intervention programme are expected to contribute to overall improvement in eating habits and long-term health of children. The successful outcome of this research has direct relevance to the National School Lunch Program and policies regarding the inclusion of additional whole-grain foods served in school meals. Collaborative research endeavours between academia and industry in the future could result in the development of consumer-friendly whole-grain products.
Future research aimed at the implementation of a randomised, multi-component school-based intervention on a broader scale is recommended with a study design that would allow for independent measurements of the effect size of the three experimental components on whole-grain consumption (cafeteria menu modification, classroom curriculum and family involvement component). Many previous interventions to change the dietary intake of children have been multi-component based on behaviour change theories and have not measured the separate effects of the individual components. Given that parental involvement in the current pilot study was low (25 %) and costly in terms of implementation, having measures of the separate effects of the individual components would allow interventionists to select the most effective components that produce increased intake. Furthermore, additional research that addresses the availability of whole-grain foods in the marketplace and the effectiveness of messages on product labels directed to consumers is needed.
